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TECHNICAL REPCRT NO N74-45,

MATN PROPULSION EHAFTING AND BRARINGS CF

GEBMAR NAVAL VESSELS

SUMMARY

Thin teport covers the dewlgn sslculatlons and consiructional
det»ils of the propulsion shafting of a German cruleer of 38750

S'H. P, ver shnft,
cluded,
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CONFIDENTIAL

MAIN PROFULSION SHAFTING AND BRARINGS

OF QWHMAN NAVAL VESSELS

I, Conclusions,

(1) The method of caloulnting strcesses in main propulsion
shafting of German zea.ed turbine driven Naval vessels ig espan-
tielly the game =28 was used by the Buresu of Shins up $o sbout
1940, It follows closely the German or British Lloyd wethode,

In this type of drive, torsional vihretion is excited only by the
vropelier, ond stresses due to thie crume sre so low thet they

can be nezlected, Factors of gafety used by the German shivbuild-
ers, bnsed up n ultinmate tensile strength of the materinl,  ore of
the same order of msgnltud> as those which were used by the Buresu
of Shivs, :

(2) Shaft crlcul=tiong inwolving the determination of vibra-
tory stresses and forced frequencics, such me are asncountered in
Diesel Ariven ghing, =re made by a specinlist, in the cage of Ger-
man shipyarde. The celcul-tlons nre made sccording to2 the method
of Holzer or Tolle snd the affect of stress concentrations is teken
into account, Tn general, = siress concentration factor of two (2)
1s used =t a noint »f dlgcontinuity, A similar nrocedure is used
by the Bureau of Shins, Anericsn shinyards, nnd manufacturers, x

(3) Meagurements of frequencles and vidbratory amnlitvdes are :
made of the mass—-elrstic aystem of all new iustsllations, A de-
scription of the instrumente used for thie vurnose is given in a

renort by Another menber of the HavTecMin®m, '
(4) Conversntions with Blohm s~nd Voss engineers brought out
the fact that thls comvany had built, during the leat year, oroo- |

eller strut besrings which were much shorter then nreviously acc-
crted standard designs, Ths short berrings were found to operate
nore gntlefrctorily then the longer onea, This foct is of interest
to the Navy, especielly since » simllsar prooomssl has been made in
tne Buremu of Shine, ‘
(5) The Gornan Navy made lorge use of dise luoricatsd line !
sh~ft bearinze, Theae have been vnronssed in lieu 0f ring lubric-
~ted bearlings now exclusively used by the Navy, N»o difficulties
were reuorted with the disc lubricated bearings used by the Germans,
(6) Bearing loads for shaft keys used by Gernan shipyards
nre gomewhnt higher than uweed by the U,S, Navy, The former uses
ayoroxinetely 20000 PSI while the Nevy apecifies = max&yum of

~l.
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Conclusions(6) , (Cont'd).

2h000 PSI, , :
(7) German shinyards Ao not meke o full scale calibration
teost of the secction »f shafting »n which = toreion meter is to be
used, The subject of torsion meters is being covered in 2 sev—
arste remwrt beinz crensred by snother member of the NavTecHig®u,
(8) It will be >f interest to the Navy to compare the German
method of commuting torque snd pull develovped by a locked propeller
with the method develoved by the Devid Taylor Model Basin,

II, Flents visited snd enzineers contacted,

(=) Deutsche Schiffsmaschinen Aktien Gesellschoft (Deschimes)
of Bremen ~ .Herr Wiebe,

(b) Fricd, Krumn - Germania Werft, Hemburg - Dr, Ing, R, Hoo-
penrath,

(¢) Blohm & Voss —~ Hemburg — Dr, Kurt Illies and Divl, Inz,
Emii ﬂrck

III, Desizn Detalls,

(1) 8hefting,
(a) Materials, -
Carbon stecl forzingzs mre used excluslvely far ghafting, The mat-
erial is in eccordance with DIN 35,61 and contains amnroximatély ‘
.0,35C, It hns a tensile.strength .of £7,000 PSI (61 Xe /cm ).
Bronze or chromium steel bushingzs are shrunk on the shafts where .
these run in water lubriceted bearings,
(b) Corrosion nrotection (See Fiz, 1),

Those nortions of thzs nropeller and stern tube shafts which are
not covered with metal bushinzs must be nrotected from g=lt waber
corrosion by stler mesns, Shafts were formerly covered with rub-
ber, which was vulcanized %o the metnllic surface by meens of stemm
vnssing through the bore of the shnft, Durinz the last year of
the war, the rubber coatinz was renlaced by Cellon, which is 2
vlnstic cellulase, 4 coat of Cellon was alternsted with = cover-
ing of wide herp ribbon until a tvhickness >f one-quarter inch was
attained, An esneclallv stromg Cellon cost wns =mpplied lastly,

A galvenized .wire of sbout 0,2 inch dismeter wos closely wranped
over the Cellon, To ~void un-winding »f the wire =2s a result of
collision with an Sbstacle, e~ch windinz iuw inter-locked with it-

a
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Desizn Details, L{b) (C-nt'd),

selfy A layer »f Cellon is nlaced over the wire t9 zive a smooth
finiwuh,
(¢} Shnft Fleages, .
These are forged intezrsl with the shaft, The bolt holeg mre ream~
ed eilther cylindricel or conical and fitted bolts are used, If s
cylindrical Bolt 1s uged, = head e wrovided at one ebd and a nut
2t the othér end, 50 that the flanges are held together betwaen
the surfaceg of the bolt heerd and nut, The diamster of 1line shaft-
ing 19 increased at the bearinas By about one-gquarter of an inch,
(d) Synchronisins Counling,
A toothed tywe of counling is sumnlled betwoen the reduction gnaar
flrn.;e snd the proneller for disconnecting the shaft in case of -
cagurlty, The coumling hns bren described in det»il 1n reference

(b)),

(2) Bearings,
(a)OuWomﬁ.
(1) Wood (Poekhels)is ~enerally used for bearinzs
onerating in water, Durins t$he war, vhenolic moulded bearings
i were used ne a gubsgtitute for wood to some extent, They were
= found to swell up and gri~ the ghaft, nartleularly at low apeeds,
i The quality ~f -henolic moulded bearinms wns found to be weariable,
(2) Roller bearirss were tri~d by Bioshm and Voss
for shafts running ir water, 4 sgecinl emulsifying ol was used
for lubriceting these tenrinwa, but 1% was found difficult to pro-
‘ tect them from water, snd rusting rosulted, The roller bearingzs

%

usged were nanufactured by "VEP"  "Wunmarthsl Deutschewerft"
"OSORNO® (Blohm rnd Vows) and "HUASCARAN" (Blokm and Voss), The
- roller bearinas had to be rovlaced afger one »r two tripas, l
’ (3) Wnite metal vwropsller strut basrings were mleo
- in uge on » few shivs, The bearing wre lubricated by » constent
. hend of o0il guwplied by » tank placed =bove tha water level, Oil
. entered =t the top eenter »f the bearinz, The white metel i in ' i
nccordance with Marine Standard WM 80, and hrs the following com-
roeltiond
Sn, 79-81%, Sb, 11-13%; Cu, 5-T%§ Tb, 1-3%
) Wood bemrings are generelly loaded to about 28,5
PST of nrojected area, This results in A vroneller strut bearing
having n leneth of about geven or eight shaft dinmeters, During
i the prat twelve months, Blohm and Voss constructed wood strut bear-
- indg hav)az » length of only 2ne~spnd-one-half of twn shaft dismeters,

e
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et s et}

Design Details, 2(a)(h) Lonk'd),

1% was found that thege beerings wore less than the longer ones,
The also resulted in less hull evpendage reslstance,

(b) Line Sheft Bearings.

These Are lubricated by meeng of = dlsc fixed to the shaft
and Aloping inte an o1l well, The oil which adheres to the diac
1y seraped off nt the too of the diac and distributed to the top
conter of the be-ring, BRing lubriestion 1s not used due to the
drnger of bhrerkage and of asticking of the ring to the bearing
housing when the latter ia not in its normel wosition,

v, Jea zn Calculationsg,

ﬁh' following celculations are for = geared turbine -
driven Uronujsion shnft of o German crulger, !aximun speed of the
ghin 13 34,5 knots, Thrae chafts sre suvolied, of whizh the outer

two transmit 38750 S.H,P, each at 390 R, P, M, nnd the middle shaft
trepamits 14500 S,H,P, =t 430 R,PM
() Crleulations for Outbonrd Froveller Shaft Section

I -1, Figure 2,

(2) Aren of Section I « I,

Fo= gp (39052 T3°) - 2092 eal
4 = 169 1ng
(b) Pol=r Scetion HModulus,
s QN odh s g (e -1t ~
D 15 39.5 .

= 12,000 cw’
(¢) Mrximum torque developed,

My mex, ~ 71620 x S,hyv, = TA620 x }“7 c
H,oom,

- 7,120,000 c¢n, kg,
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Tealgn Calculetions (2), {Cont'd),

(d) daximum Shearing Strose,
593 ke, fen®

8,420 n,s,1,

H

e ’ -
) max, = Ma = 7,120,000
' W, 12000

v

H

(e) linximam Proveller Thrust,
Assume proneller efficliency =y o, = 0,64
Assume thrust deduction=f = &

Proveller thrust, Py = C SHP x e O Glgrg
*

TraaEs-y)

8750 x 75 x 0,64
} 05 x 00515 ( l"onos)

i1

t

114,000 kg,
253,000 1ba,

1

(f) Commressive Stress, Section I - I,

7 = 114,000 = 10,1 kgfen®
- 1092 1420 p,s.1,

(2) Bending Stress Tue to Proveller Overheng,
Computed welzht of mromeller, G = 6500 ke = 1440CLve,
E Momant Arm = 50 4 10 4 10 (assuned) = 70 em = 27,5
) inches,
Tho assumed 10 em, 1s addeéd to the lever arm since
the strut bearing 1s not rigla,
Brnding moment, My = 6500 x 70 = 455,000 om,kg,
a 395,000 in,lbs,

Secction Modulusm,

W1=~E;(?§E% ) - 5980 ond

32 395
Banding Stress,
il
oz U MSE00G o 76,1 vy, /oot
) ' W, 5980

- 10“0 ﬂ,s.i.

-
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Design Calculrtions (2) (Cant'd),

(h) Totml Combined Stress, Section I -~ I,

7 andct sre additlve once mer revolution, so

thet:
o~ = 76.1 4 104,1 = 180,2 ke, /e

= 2560 u,s,1,

f

Total combined stress,
Gy = 0,350~ 2y Q,Wg)

Where XO = 72 allowable =~ 800 - 1,025
' ®'s allowable (1,3 x 600}
(* The srigin »f the vealue 1s unknowa)

O~2 = Tenslle Strength
; ~ Shearing Strength

_ Substituting,

~ 735 kg, fecmE = 10400 m,8,1,

(1) Factor of Safety,
Tengile gstrenpgth of carbon steel forging = 60/kg£mm2
‘ Tlrgtic limit of carbon ateel forging = H0 kg/mm
.S, = 5000 = 6,8 baged »n eleastic Limit,
: 735
‘ F.E, 5999
735

(3) Proneller Shaft, Sectisn 1T - II, (¥ig, 2),

£,17 brscd on teonsile stren.th,

15

0,D, of Section = 390 mm
I,D, »f Section = 255 nm

Falnr Scction Mriulus,

(zau - 25.5142__ 1] 9500 CY‘.’J
39 '

W
- b4 1

Shonring Streus, 2\: 1,120,000 -~ 750 kg,/cm3
3500

O
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D sign Caieulatiorns (3), (Cont'dd,

Aran of Seectlon IT — IT1 Z

F, T 7 (35° - H.52) = 683,9 cmd

Comnr. astve stross,

D4 = 11hoq9_' = 167 kﬁ.ﬁ”e
583,9

Tot~l eombined stresa,
10,35 x 167 ¢ 0,65 1672 4 U (1,025 x 750)°

9U5 k,:, fem? or 13400 m, a1,

H

It 1a to be noted thrt bendinz strese 1s neglected,

Factor »f gefety a2 _ 000 m H,28 bnaed Hn elastic
945 limit,

Fachor of snfety m Q000 - 6,35 based on tensile
gl atrenzth,

4, Line Shaft,

‘ This hra an O,D, a2 380 vm end I, D, w 260 mm,

The beudine atresa is nezlectod in ¢oarruiting the total com-
bincd atress,

Polar Scetin i idulus, Wy = BUOO end
] Sh(mi‘iﬂtﬁ Strome T = 8“’8 k:/cma

Aren of Crgs-gection = 603,2 cm®

Chrumrcasive atroges = due t5 thruet z 189 kg[cma

Tot-) combin~d stress = 1090 kx;/cma

F,5, = 4,59 based »n slnatic 1limit

F,5, = 5,51 brard on t.nsile atren.ath,

5. Proveller Shaft Counline, Flaz, T,
The chuolinz is = carbon steal forzing havinz nn elmstic linmit

~nd » taneile strength »>f 5000 nnd 6000 ks, /cm2, resvectively, It
" ¢ ct-d uron by ~ torsiconrl moment ~nd the nroneller thrast, Both
f shease tend to oven un the coumlinr at 1te weekost section, 1,4,

throuish the keyway,

w10
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Desisn Cnlculrtiong, (%) (C-nt'd),

The torsion~l momont 1s nesumed tn Act throuth the center of
pravity of the cross—sectioned helf ~f the counling, Figure 3,

M™iis hg sn ~rea nf:
e 54 - 39,38 x 70 = 512 cn®
2

The dlstance of the center of gravity from the »xis is 23,25 cm,
Totnl tengrntinl force,

F= 7,120,000 = 305,500 ke,

23,35
- 673,000 1lbs,
The unit tensile 1oed acting on the cross section, Mg, 3

gt '
2, = -30%1309 = 596 kefcm?
The ghoft end has n taper of 1:10, 80 thet tue rodinl thrust
ig! ' ‘ '
Pg x 10 w 1,140,000 k.
] .
. This force ncts on n surface ofi

F= 67('39 + 30,3 x77 - 2 x s.o)

140,000 = 177.5 ke, /cn®

The unit lond is therefore, 1
‘ : S B430

The stress is grentest st the after ond of the counling, at ’ N ’
which voint 1t is bored out to a dinmeter of 39 em. The stress
over = 1 cm, length will be! ‘

; Z,= 39 x1 X 11,5 = 622 x&./er?
2 x 5,hb x 1,0 |

Trtel stress 1s: : ' 5

) G se Az, T 596 + 622 = 1218 kg, /cn?
‘g Zl* 2 - 17,“‘00 '9.3-10
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Dosign Calculations, (S)(Cﬂnt'dyl

Counling Factors of anfuty aref

F,S, = 5000 = 4,11 based on elastic limit,
1218

S, = 0000 w» 4,93 based on tensile strength
1218
The added strength due to the flange at the iorward end and
the upset after end of the coupling is neglected,

6, Couplinz flange Bolts, S .

Material Ki steel, having a tensile strength of 50 kg/mm>
and an elestic Juit of 42 xg/mm®, Fight (8) conical bolts, with
an overage diameter of 95 mm are provided, The bthread Avasdard s
77 ¥G..

The greatest normal load occurs on the bolte when the shaft
is operating at full power, Thieg load will be mementarily increas-
ed if one of the provellers 4s fouled snd is draggec through the
wrter wlthout turning,

Normel shenring forze mer bolt:

Q=ld= 7,120,000 = 34,250 ke,
8r g x 2

Avorage bolt area Maxinum anparinf str?as
F=9,52 [/ - 10,88 on? 1= 4 x zhego = 646 ke/om®
. . 3 x 70,88

‘A tensilp atresn, reeulting from the initial tightening of uwolt

hnd aqurl to g S 2 xg /cm must be combined with the shearing

stress,
. The combined stress ie:d

075 = 0,35 75+ 0,65/77 24 4 (1,0257)3
=0,35 x 24 0,65 J2F+1 (3,035 x 6u6)2
= 868 kzfcn? |

Resulting factors of safety are!

F,8, = 5000 = 5,78 dbased on tensile strength,
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Degign Calculations, (6)(Cont'd).

Tt

F.S, = 4200 - 4,85 based on elastic limit,

368
7. Key for Outboard Counling, (Figurs Y4,)

180° apart,

Nu ber nrovided = 2,
=80 x 40 oo

Size

For the portion of the key in the ghaft, the tangential
1nad 1at

1,120,000 . .. 222,200 kg,
2x1l -
The load carrying surfece of esch key ist

(2,1 ~ 0,3)(66 — 2 x 2,5) = 109,8 cm?
The unlt pressurc between the key and asest-iat

222,200 w 2024 kefem? '
109,8
= 28,800 p,s,i, )

A similar calculation ghgws the besring lo=d of the key in
the coupling to be 1850 kgfcm® or 26,500 v,31,

8, Crlculntions for Middle Shaft,

The calculstions of ref, (n) are for the shafting of a three
(3) shaft cruiser which develops the following powers on the shafted

Ahead Agtern
P RM P RPM
Port and Starboard shafts 38750 390 15500 236
Middle Shaft ‘ 14500 420 14500 328

Ahead cnlculntions for the middle shaft are made in the same mamer
as for the outboard shafts,

9, Strength of Middle Shaft with Astern Opermtion at
14500 sHP,
(») Revolutions of propelier for nstern overation.
¥or this condition, the outbosmrd shafts transmit 13500
S,H,P, 80 theat the totnl power for agtern osperntion ist

=l

N

.-
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Design Caleculations (9) (Cont'd),

2 x 13500+ 14500 & 41,500 S, H,P,

igsuming 35% slip, and nn. eatim~ted speed of 20 kncta _the R,P,M
of the middle proveller 1s obtained from!

'V = n H 60 (1-s)

1gR2
Vhere V a speed in knnts
n = RPM
H = defined by Fig, K = 2,9 metors,
S = slip, = 0,75 L L
Subgtituting :
29=n 2 2,9 x 60 x (0,65)
18h2 -
n = 328 7P,

(b) Pull of Propeller,
Tre followirg formula is used 4> comput the pull of the
propeller un the shaft for astern ooerationt

et 2

Pa m (Soho.po)a 75 x‘)‘ip - .
\x 0,535 ( 1~ T) | |

whore .
. )1P= nronaller efficlency for astorn operation ~ 30%. i
Y/ = nstern speed in knots,

= thruet deduction = O
(Synyn,), = Astern e,h.m,

-

Py = 14500 x 5 x 0,40 = 42200 ke, ’
29 x 0,515 (1-0) : : !

3

(2) The mechanics involved in comouting the atressed in the
shafty, bolts, flanges, etc,, for astern operation is similar in
other respects to that used<f0r ahead operation,

10, Strength of a Lacked outboard shaft at a epeed of
14 xnots, (Fig, 5),

(s) Pull develorned DY a looked promellear, ' g
- | 5
7;§ '
{
3
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Deaign Celculnations,(10)(Cont'd),

A counlirny is wmrovided in each of the outboard shaftse
for disconnesting the wroneiler from the turbine at 14 knots, or
7.2 nfgec, in cage of drmAge to one of the outboard shatfts or o
the orooulsion mechinery, In this cese, the remsining osutboard
shaft sn” tho middle shaft are considerod 0 be driving the sghiv
at 14 knots and the locked outbsard nromeller develops a torgue
which is = function of thig swe=d and its characteristics, The
~ull develoned by the nroneller is commuted from:

”'VT*/%a!&i{‘/-fé (€4.)

where Wal L5
y = 1025 (welght of 1md of sea water)
Ay = develoned area of mroveller - 9,0
¢ = ~ngle between tangent to mrowellor hellx at
0,7 R and shaft centerline (sce Fig, 5).
) = 9,51 nfsec,
V = 7,2m/sgc at 14 kn
%
-0 °36 o 2 L0373
,f” ‘ ..!.1}_1:[,.__ 13»7“_11___
é - 630 hﬂ' )‘J‘}lz "
Cos € = o423 i
LAY ‘ = 0.89737 ) .
substitutingt

¥ Z 1,45 x 1025 = 9,0 (7,2;2(0,89737)%
2 x 9,81

¥ = 28450 ke, pull develomed by the dregzing out-
borrd uwropeller,
(b) Torque develovned by losked promeller is ziven by tha
equation.
0,7xD , XN, Cos
2

n

where

1

D = definzd by figure 5, centinmeters

N % -»ull develoned by nmromeller,

£ = ang;a betwesn trngert to vromeller helix at
C. TR =rd ghaft centeriine,

s
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Degim Calculatisne (10)(Cont'a),

Substitating, :
Mg w ,7 x 346x 28450 x O, WU128 = 1,525,000 cm k3,
2

(¢) Stress in Suaft Due t» Locked Provmeller at 1l knots,

The totnl combined strges,. due to a pull of 28450 kg and &
torque of 1,525,000 cm,kz,, is computed in the usual manner and
found t5 be 217,6 kg/cma, This ie much leses than for normal nIwWer
rhaad oneration »f the outboard shefts,

(4} Strenzth of an Outbosrd Sheft when Uncounling at Full

Power Ahend, L

The tot~l horsenower develn-ed by th- three shafts at full
nower is 92000 s,h,n,, corresonding to » sneed of 34.5 knots,

In cnase of A casualty to nne of the outboard shafts the shin will
continue for a short tinme at full speed then zraduslly slow down

to a gneed corresponding to the reduced horse-ower, From the view-
naint of hich shaft loading, it is assumed that the shin still bhas
a sn-ad of 34,5 knots for a brief meriod aft-r the damased shaft
hsg been stonmed,

The mull exerted by the nromeller for this case ia!

N = 1,4 x 1025 x in Tm? Sin? g

Wherc 5
9,0m~ develomed area
17,8 m/sac

0,89737
- 9.8 m/sec2

i

R
>
v

Substituting, - : ‘
¥ = 173,900 k3, null on shaft,
The logked torque develnded by the fixed shaft ia (see P12,5).

g m 0.7 x 3_2@ x 177,900 x 0,4la28

= 5,300,000¢nm, ks, :
The value of nroncller mull and locked torques arc wsed as above
t) obtnin tatsl combined str-es in the shaft,

11, Safety of Shaftin; izeinst Buckling,
The thought hes b2en =dvenced that there 1s a mose-
1bility of the lonzest shaft buckling under mromeller thrust 1nad
ot full mower, ”
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CONFIDENTIAL

Desgian Calculntions (11){Cont'd),

BEuler's long column formula avplies for this case,
n 272 8BJ

Where :
J Z bendinz moment of inertina

= 77' (38 - %Y = 80,000 cutt

Ee= moduluq of elasticity for carbon steel
'Z,150,000 k@/nmg
3,057 x 10 ¥ psi

,{fa length of ehaft from forward end of stern
tube to thrust bearing

1580 cm for vort outboard shaft,

Substituting,

11

K 2 x 9,87 x 2,150,000 x 80,000

{1520)2
1,365, 000 k3,

Since the vwroneller thrust 1s 114,000 ke, the factor of snfety
5f the mort -utborrd shaft q’ninst buckling is:

F,8, = 1,365,000 = 12
) 114,000

For the starbo~rd eutboard shaft, it wes nccessery to nrovide
line shaft berrin:is with cast steel covers to ralse the fmactor
of snfety azainst dbuckling to 3.7,

I

1

Prevared by:

R, Michel
Techniclan,
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CONFIDINTIAL

APTRITDIX
Kiel -~ Gamrden
20 May 1945,
Field of Study of Dr, Inz, R, Honmenrath,
iriedrich Kruwm Germeniewerft A,G,, Kiel -~ Gaarden,

1, Strensth Investigetions,

(a) Theosreticsl nvegtizations of the étrength relntionshins

in foundestions for motors, turbines, etec,

(b) Strensth measurements of machine nerte, founﬂntions, and
rragsure hull parte,
¢« s 7s(c) Hemgurements snd toste of mstorinle.

2, Vibration Investizetions,

(n) Theoretical vibratinn cnlsulstions of mass-elastic sys-
tems for surface shi—g snd aubmarines (Tarsional vibrations).

(b) Theoreticl cmlculatine of vibration relationshine in
foundationg 7or maln and auxilinry mochinery,

(e¢) ifempuremants of torsisn=l vibratlons in shefting of sur-
face ahi~g end submarinea - Adjustment ~f vibrstion demyers for
Diesel motnrs,

(1) Shoelr moqsurements in foundations,

3, acoustics,

{(m) Thenr. tienl ~re~cusleulation 2f arund dsmmers for the ex-
haust for Diesel mators for surfrce ghing and submarines,

(v} Criculntinma and congultation rcsarding nolse reduction
mengures £or eliminmbtion of the g pread 2f nnise in the ehiv, The
eeoustic trestnent was avlied to olr spaces as well as the hull,

(e) U:st sultable frrm »f stesl foundmtions in order to re-
Auce transnission Of hall vibratisn =a much ns nossible,

(4) Doterninsti:n of tha most sultsble gizce of resonance
darming devices of rubber snd steel snrinaee,

(o) Honeuremgnte of air res nence conditions in surface mnd
mndarwater ghi~e,

~15-
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CONFIDENTIAL

Armendix (Comt'a),

(£) lleasurements of hull resonance conditisns in surface and
underwater shing,

() Continual checks on correct installation »f alr snd hull
rogonence deamning devices durineg vroduction of submarines,

L, Yechonics »f Shock,

(2) Theorctical rogerrch In the Ais~ersion »f shock in the
hull =nd foundations »f gurface and underwater shins,

(b) Memsurements made nn board surface and underwater shins
to dotermine the characteristic ammlitudes »f the shock —rocesa
resulting from the detonrtion of mines and denth charazes,

(c) Exverimentnl research of the sbility of mair and nuxili-
=~y anchinery and »ther devices on board surfacs and underwater
shivs to withstand shock, ' _

(A) Txmerimental determination of the mast suitsble dimenstons
»f foundations, mountinze, screwed or threaded joints nr connaections,
nd other fagteninza to realst shock londs,

(e) Determination of mecthods for renroducin: the shack curves
nergured on shi+ board during the detonntion of denth charges ané
aeri~l bombs,

= em em em ee em e e e o e em e et em e em o me e e e eA R e me e e N e e

1, () "Theoretical Research in Strength Rel=tionsghirs,"

The ardinary stren.th comoutations, baged on the familar

‘fyrmulns of "Bach" and "Trum", were mede by the various consiruc-

tisn denartments themeelves, More dlfficult wrodblems, where

gtress =nd straln rel~tionshimsg could nnt de clo~rly scen, were
solved at the request of the individual Aennartments, This was
larzely A netter f etrength and deformation tests and rasemrch

am the foundations of machinery and shine which invilvcd statice
Ally indeterminnte wroblems, Frojocts ususlly followed the methods
Jf hisher theorotical mechnnics, For inetance the mmrthematical
cnmutation of the Aeformmtion in » doudble bHhattom was mnde by cm-~
siderinz the bottom as a 2rid »f zgirders, The defrrmations at

the inter—secti e »f the lonsitudinal and transverse summorts ,
were deterninec with the pid »f influence lines (Zrarchical eolution),

~19-
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Apvendix {Cont'd),

The conatants for the necessary ecuations were taken from the val-
ues of the elastic deflection linea, Thus one cen arrive at the
noturl spetirl deformation of the entire double bottom, One may
then trice into consideratior the effect of moments st the resctlone
at internsl end outboord bulkherds, The stresses in bullt--uv founa -
ationa thon rre computed from the deformrtions thus determined,

1, (b) Strength Mensurements,

In order to determing thc best rel-tionshin b~otween the struc~
tural parts of machinery, 'foundatione, ctc,, gnreindl exprrimental
set—-ups were mrde which were then strength teated in the lsbor~—
tory, In shese tests 1)l the orobsble forces orising during oo~
cretion were simulated, The measurcme-nts of strnins were mnde
with the Berg, Thum, Lehr, =nd Huggenberg instrumenta, Gnge
lengtha of 20, 10, 3 =nd 1,5 mm were us2d, The 1-e% mention-d
z~go lengths were uacd cg::cinlly for determing the atress panks
{n transition noints of the structursl o-rts, Enlerged models
wire oftan used in the cnse of smelloer objocts 4n ordsr to deter—
mine their ~1lrstic cuives, Straes «nd strnin teste were mnde on
scturl gurfrce -nd underweter crrft to got »n ider of the ‘deform-
~tion and 1o~A rzlationshinae on dboard,

1, {c¢) girength teatm ~nd demsurcments of Unterinls,

In order to keeo n check on vroduction, test samvles were
talen from ho individuel structural o-rts, which were then tagb-
cd for thrir vhysical wroperties in the letoratory, These teoats
had to do with determining tk° hardness and Sonsile strengthy
b nding tcsts, and votched bar irmact trats were mnde in special
crges dynamic atrength tcats and mensur-ments wera made, Jor still
furthor classific~tion of mnterinls, nhotomicrogrephs of the nab-
~rinl were sometines used, In sdfltion, the individurl comoositidn
of the mrterial wos in many craes determined by chenlcnl analysis,

2, (a) Thooratical Pre-Celculations of Torsionnl Vibrdtion
Pcletionshine,

In order to slininmte the overstressing of the shafts of sur
face axd undarwster shlps from torsionmal vibrations, the range of
patural fragu.ncics ~nd the apolitudae of the vibrations wera mnth-
cmmticnlly computed in rdv nce, The natural frogquencles ware

. =0~
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Amnendix (Cont'A),

deternined either by the Tolle or Holzer methods, The mmsses of
the driving as well as the driven machines or nronellers wers in-
troduced in the form of the so-cnlled "mass monment of inertia’ -
- ka@secg. In this the el=sticity of the shnfte w=as-used in the
form of the stiffness congtant:
. 1e = lw
G IF
In this, 1, = the equiverlent length in cm, of the _shnft sectien
being studied; G = the torsional modulus in Eg/cme: I, = the nolar
moment of inertin of the cross-section in em~, If several shaft
gsections of -Aifferent dipmeter and different materisl mre presemt ,
the elastic constants - called elastic lengths - must be commuted
senarately for the various sections, Totrl or overall elasticlly
is the sum of the individusl elasticitles, | Thg mass noments of
inertia are computed by the forrmla @ = mn, r< &n cmkgsecz. In
the crse of Diesel motors, the mcturl verirbility »f the recinro-
crting masses wng considersd, such as the nlaton and the connect-
ing rod, by comiutinz the mean velwe., That is, the wurely rota~
tinonal masees wers inserted in the last mentioned formula in thelr
full values or magnitudes, The reciwrocating ogscillating masses,
un the other hand, were anly assizned 50% of their true maznltuds, H
The method "of camuting wrs to introduce the amroximate value i
into the tabular commutstlon and then to inveatizate the system
for balance using the avoroximate value of the natursl frequency,
‘ According to Holzer's or Tolle's guzzastion, the exact natural
. frequencies can then be determined fo: the individuesl ~ssumed
frequency values from the curve of bals=ncecd moments, In order ; ‘
to.obtain. the maznitude of the forced nntursl strasses vlus those
caused by resonance vibration, it is useful to anslyze hermonic-
i nlly the diazrans of the mressure curves in the nmotor eyligder,
“ This is Aore by druwinz or commuting the tangentinl wressure :
diazran that gocs with the indicator card and then determining the
o aarmonic commonents by one of the familiar methods such »s "Hum- ,
’ mel": "Harmonic Anmlysis", In multi-cylinder enzines of 6 cylin-
ders and un the torsionsl vibration relntionshiws in the cam
chafts were also nre-~determined, and the dimensions of the shafts
were set according’so”the vibratinn conditions vrrevailing, The
dimensions of the shaft were go fixed, if mosaible, that natural
L] frequencies Aid not occur in the usual emeed ranczes, In malti-
cylinder engines, euch as are
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Anpendix (Contg'd),

almost exclusively used todsy, this is not usually poseible, how
ever, since the higher harmonic ctmonants follsosw cne another too
clogely, Henea, 1t 18 necessary to use so-cnlled-vibratiun damo-
ers, The Sandprer system was moinly emmloyed, The brsic vrinisla
nf the systom is that rotating mreses are incressed or reduced

“hydrsulically by meana of the scceleration forces resulting from

toraional vibrstions , This increase is done automsticaliy by e
valve eontrolled by swrings, Such dammers mre-usually nleced at
thz points »f Zrestest vibrational smnlitude, Such s molnt is

. the free end of the crenkshaft, nnd 1t is here that the vibration

damar is usuelly attnched, The control fluid 1is taken directly
from the hollow crenkshaft in the form of lubriceting oil, . The
virtual incre=ase or decrease of the mnases results in » Algolace-
ment nf the naturel fraquency by 15 to 20%, The nutomratic contrel
valve in the vibretion damer is usumlly adjusted $to & nressure
of 'between 12 and 15 atm, " In computing the streases in advance,
only the nromeller snd engine Aamming are considered, Damring
resulting from friction within the bearinis is not i{ncluded gince
its influence is neglidle, The damming of the nropeller is decld-
edly imortant for the first freaquency »f the aystem, It 1s com-
Tutsd scenrdiag to YHolzer®, Tor the firet natural fragquency the
daming effect of the mothr can be Alsrezardsd, In the cage of

~higher nsturnl freouencies, nnly the motor A~minz exerts any

-~mraciable influence on the smount of atr~es, The deming 1t~
gelf is obtrined from the fsllowinz equetion besed Hn exporlencet!

1000

D is the cylinder diameter i:. em, And E is the nigton strake in
cm, Then, the damming moment {e Mp ™ qu. o = 4, 2747 - If the
stressed due to torsional vibration exceed the valuo off =

300 ke/cm@, a vibration dnamber wmst be usad, since oSherwise &
break in the shaft may océur,  In order to still further reduce
the danger of » bresk in the shaft, care must be exercised %0 see
that all points of ehnft discontinuity nre wounded off 40 as Jerge
a radius as vossidle, If thls 18 not done, high streas concentra-
tisns will nccur st such moints, This groaily reduces the permiae-
able load limit (by abomt n fmctor of 2),. In Astermining the net-
ural fr-qusncy of oromeller sHafts witfh nropellers, one muet ob-
serve that the moment of inertia of jhe proveller is essentinlly
incre>sed by the water entrained with 1%, Txmertence hes shown
that thia incroase amovnts to nbout 28 - 308,
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A mendix (Cont'd),

2, (v) Theoretical Pre-calculation of Vibreticn Relationshipas
in Foundetiona,

Any neturcl frequency compubationa wresupnmose a knowledse of
the clrsticity and mass relationshivs {n the vibrating foundations,
ote, ' In the majority of cases any exnct Retermination of the
effective characteristic amlitudes is immossible, However, in
order to be ~ble to meke mredlctions shout the nrobadble hehavior
of motors, turbines, zeare, etc,, on their foundatlons, 1t ls
essuned th=t the dynsmic flexure line coincides with the static
one, One determines the stetic flexure line by one 5f the familinr
methods aAnd then in further crlculations takea into eccount the
effect of the m=sses of the supnorts, foundations, ete, Then the
real natural frequency can be manmroximated mccureiely enough by
one of the awroximation methods, such as that of Dunkerly, Timo-
schenko, or others, In comnuting the rigidity »f foundations
one must consider if the zirder is riveted or welded, In riveted
sirders the effective moment of inertis 18 esscntially smaller
than tho geometric moment, In the c¢ase of welded foundetions with
large plate surfaces, some reduction in the geometric moment of
inertlia must alsc be mede, Drmping momenta at. the ends of the
girders snd ndditional supvorts must alsc be conaldered in com-
putntion, At any rate, the calculmtion must he mede for the gir-
der with the fixoed ends =nd onco =aleo for the girder with freely
supported ends, It iy useful to solve these vrodblems graphicnlly,
eince in mothemoaticel comnutation the solution soon becomes diff-
fcult to greev, while in graphicml solutlior one -.su-~lly hes some
check on the method of solutiown,

2, (¢) Mensurement of Torsional Vibration,

On the baslg of experience the artural freouencies can now- e
daye be determined accurat<ly enough, Neverthelesg, it iw useful
to make a check monsurement, Thie has to do firgt with determin-
ing the raage of natural frequency and then with determining the
greatest amplitude of torsicnsl vihration, If » layout has jJust
been built for the firet time, in other words, if 1t ie A new
tyne layout, then mensurcments can be made synchronously at sev-
er~l noints, The form of the vibyation car then be checiked from
the individurlly determined amplitoudes, This end the range of
neiursl frequency give = gufficiently ciemr vléture of the renge
of the streags =ctually nreeent in the alsstic aystems, In every

2%
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Appendix {Contid),

case the rathematically computed vibratiop form amd She twist of the
shaft section given with 1t are used &s ths basls for determing

the gtress caused by torsional vibrations, If the vibrations are
too grest, it is advisable to readjust the vibration damper that
mry be alreasdy installed, This can be done by regulating the pres-
sure valve in the tyoe of vibretion damver used here, the Sandnex
type. The torsional vibrogravh duilt by "Deuteche Versuchsanstailt
der Luftwaffe" ns well as the Gelger Torsiograch mre used for tak-
ing the measurements, As a running check oan vibration dampera, 2n
electric indicating (inductive) torsional vidbration indicator was
attnched to the primery part of the Sandner damperes,

2, (4) Measuring Vibretions. Transmitted to Foundations.

Sometines natural frequencien are sot up in the foundntions
of auxiliery machinery sand similer devices by the forces of the .
driving motors thomselves, Thus, nlternating stresees can occur
which may lead to the crocking or bresking of foundations, mouni-
ing bolts, or other securing members, Since it is immodsible
in the mnjority of cases to celeulmte the naturel frequencies 1n
advance, the exact range of the natural frsquency can only be de-
termined by actual mersurement with the Vibrogravh, The Gaiger
vibregranh wae used for this puroose, The coniact vibrumeter
built by Aekenin wms aleo used because of its simple ovetration,
If the natural frequency liea within the normal eperatiwg spead
renge, 1t must be reduced by sulteble methods, This may be accom-
nlished by changing the masses or by increasing or reducing the
rigidity of the foundation, It has been shown that for structural
snd operational reasons there is only one practicel change in the
rigidity of the foundation that makes any affective difference in
the range of natural frequencies, If 14 s at all vossible, one
should try to increase the rigidity, that is, to shift the freg-
uency upward, At low pitch, that is, nt low natural fraquencies,
one muet rockon with a very strong trenemission of the vidration
enargy to the whole ship, Looal natural frequencies Join with
the inducad vibrational movements to cause very unplensant deap”
nhenonena ( out~of--tame beaty), This must be lcoked out for eg-
vecially in shins hawving mere shan one nrovaller shaft, People
hrve tried to eliminate the beat phenomenn at low pitch by weing
synchrozising devices, This has not deen comnletaly succesaful
for many remons, If one hss not obeerved these relationships while
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Annéndix ¢Esattd),

vlanning the ship, or if some late change in the ship's structure

hns resulted in such Weéat or coinéidence vhenomernn, then it 1s

better $o0 rectify the condition by changing the asveed of one of

the engines, ZEl=stic intermediate members =re sometimes used in

order to iower the frequency of main nnd auxiliary machines, These

ney be made either of rubher or in the shepe of steel svrings,

Thera hrg been 2 shift in recent times to & steel s9pring mounting

beceuse of the insbility of rubber to support loads, It is slway

necessary to observe during 2gsembly whether the unit is one thet -

produced frea forces, or whether 1t is one that is completely bnl-
anced, In- the first case the six nossible natural freguencies.

around thP thre= shatial axes must be mathematically comouted in

advance, s:lecting the mounting or bearing moints or by chang-

ing tha st‘ffhnss of the springs one can go control the frequenc-

i{eg thet they don't lle within the normal owersting range, If

the normal oberu%ing range is too lerze, thnt 1, if the change-

able operating wnead ﬂxtends over several hundred rom, then one

is forced to choose - mounting that 1s eithér super or sub-orit-—

icrl, Thet is, ‘in the first crge, one tunes th> whole layout to

so low o frequency  that sll the naturnl frequercies lie sufficicnb~

1y fer below the lowest limite induced, But here one must be

cereful thet the stnbility of the whole unit be not reduced by

guch a low frequency, In rough sere, in vitching and rclling,

the engine cxerts n grent thrust ngrinst the rigid found~tlion or

pzninegt the hull, Hence, it i3 simpler to choose the second kind

of mounting, in which case one doeen't have the above mentioned

difficulties to de=l with, But one must accent ~ reduction in

the drmping effectivenqss. ] ' Q

—~—

5, (a~g) Resanrch in Acoustics,

Sound spreads throughout the shin in part through the reson-. |
rnce of the =ir nnd iu vart through the resonence of the mll,
Svecisl attention must be davoted to the vronmgation of sound ’
through piping or osther ducts, such as, for example, the sxhsust :
vives of Diesdl motors, The netural vidbration reletionahlﬁs cen
b: computed in adveance by the well known methods; of, The Theory ’
of Sound, by Lord Ralelght or Acoustics by Stewerd ‘and Llndaay,
In ducte that have branches or thet are otherwlse comnmlicuted, it
has mroven useful tc employ suvoroximate methods with the help ot
gragual aporoximntion for determining the naturnl freaneicies, Be
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Aovendix {Cont'd),

mathematical method is fundamentally the smme as 1s used in deter-
mining the natural freaquencies of mechanionl <ystems, In order to
reduce the spread of nolge, sounC or noise dampers (noise filters)
are used, In surface ahins there 18 usually enough room to in-
sbalkl the very useful ‘low flow filter (Tiefpassfilter), In the
very limlted epace conditions on submaripeg it is useful to employ
the high flow filter, Sincg a conslderable part of the noise en~-
érgy 1s tranemitéted through the foundetions one cen sxert a ocon-

" glderable ‘nfiluence on the smount of hull resonance ensrgy trane-

nitted by proberly designing the stesl ‘foundations, In caloula~
ting these velrtionshivne in advence 1t is agaln'a question of de-
termining the natursl flexure frequencies and the natural longi-
tudinal frequencles, While the method of determining the lattey
ig trented in detail in the above mentioned work on vibratlion
technology, thore is only a very little sbout figuring the natural
fliexure frecuéncies in composite systems, Any celeulrtion is com-
plicrted by the fact that four merginal conditions must be met,
Hence, 1t is more vwractical riot to compute but to study the matter
of the transmission of sound through the hull by flexure freouen—
cles from & model, In this inatance messurements wade on full
glze objects vroduce the quickest results, Hull resonance is
messured by means of a so-celled hull-resonsnce feeler, In &t

the movement of the surfaces is chonged by induction into corree-
ponding electricsl values, The movement nrocesses of hull reson~
ence cen thus be made directly vercentible to th~ ear elther
through aarphones or loudsoeakers. In making obiechive measure-
menta 4t 18 nevertheless desirsble to fix the alectric values by
mesns of A gelvanometer, The treansmission of hull resonance or
hull nolse plays ~n imvortant role in the audibility of submarines,
Hence, not only were sontinual experimenta being made on full seale
obJects but production wes carefully checked in this resvect,

v\ .4, (8~3) Mechenioce of.Shock,

In order to reduce ms much as. vossible the shook strosses m
the hulis and instellations of asurface snd underwater nhtp: cavesd
by the detonation of depth charges or bombs, Peonle began
elop ¥pecial conetructions, BSince the foroew that occvar during
such undervwster detonetions are so grest $hat one canaot ro-en-
force or stiffen construction anough to withstand them, it is
necessary t0 chenge $0 a tyve of oonstyruction having tha greetest
vossible flexibilisy or a.bnny to shifé without tc muoh deform-
stion or stress,
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Aovnendix (Cont'ad),

Thorough tests were made on full scele objJects in order to
determine the magnitude of the forceas, Meanurements were made
by atteching accelerometers to the outsr hull wall or to the nreg—
gure hull at the voints where greatest stress would occur, Theee
acc~lerometers consisted of quartz oressure elements, ln order
to obtaln es high a freguency as possible -~ sbeut 25 kg cycles,

The movement procesgses during detonation occur during an extra-
ordinarily short period of time - gome where between 0,1 and
1/1000 sec, The dependence of the greatest amplitudes of accel—
eration on the distance of the detonmtion point from the ship's
outer hull or vregsure hull was determined, This function 1is

shown on Illustretion Nr, 302 for various measuring pointe, Vel-
oclty and distance messurrments were made similarly, For instance,
Nr, 301 shows the devendence of shifing ceoused by the shock of
devth charges, Nr, 308 shows the time curve of related values

of courss.velocity =nd acceleration for one messuring voint on .
the pressure hull, ¥Nr, 303 shows the reduction of the acceler-
ation peaks dependent upon the distrnce of the detonation for
thres different measuring voints,

Prassure measurements ware made in -the water neerr the outer
hull elong with the acceleration measurements, At %0 m detonation
distance, for exemole, » maximum pressure of p= 140 kg/em® was
determined, This is, of course, for the primary shock weve,

This preseure wave ia reflected at the outer hull or at the ores-

sure hull, Some of the shock energy pnsees over into the oressure

hull when the latter is deformed, Another pert ias reflected, Tn

the Germen boets tested, about 1/3 of the shock energy in the

water pagased over into the pressnre hull in the form of deform-

rtion energy, Nr, 298 shows the time curve and the devendence of

the exnlosive chrrge end ths detanation distence for some bnglc ‘

" meagurenmente, i

Along with these mersurem~pnte strain mengur-ments were also ,
made on the inner walls of the vressure hull or on the ribds,

' Theee were generelly mnde tangentislly around the verivhery of

the hull or in the direction of the bont's longitudinal axis,

Nr, 304 shows some results of these mersurements, The greatest
stresses occur longitudinally, both as tenmions and comprassions,
The greatest stressee were recorded locnlly in the vlate surface,
greater than at any other points, Nr, 304 shows the stress curve
for the individual memsuring voirts ae » fun¢tion of the detona-
tion distance, From this it noy be ssen that at a detonation dls-
tance of about 21 w the grontest stresses, with nn smplitude of
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Apvendix (Cont'd),

sbout L5 kg/mm oceured, along the longitudinsl axls of the plate
surface, (See curve 20b' Around the verivhy, however, there
wns only n pressure of about 10 kg/mm?, (See curve 20&)°

The bending or dlstortion of the entlre wressure hull was
zeasur~d in the case of another boai with partly riveted hull,

The detonation tests were cerried up to the point where the boat
was actually destroyéd, Measurements were made with = telescapic
peasuring device which showed the time curve {See Illustvration
299) as well »s the locational curve for individual measuring
‘noints tret were distributed longitu&inally over the entire boat
(See Nr, 299 and 300),

Nr. 306 shows 'some examples of shock abaorbing 1nstallasions
of auxiliary machinery etc,, snd the time curve of the vzobabls
shifty that might oceur, It mey bec seen from the memsurementa
that. the shock orocesé can be conceived of 2a s vibration process,
In contrest to the ususl calculations of vibration processes, 1t
1, rather, a mntter of determining the vrocess at the vary start
of vibration, Ae » menner of apnroaching the nroblem, one can -
algo figure from the statlonary condition, Then one con make use
of the normal resonAance curves for determining the demping values,
This demoing v-lue shows the relationship or restio in which the
shock amplitudes ar> blocked ms they pass from the outer hull,
through various elnatic intermedinte members, into.th: mres of
the waghinery unlt concerned, XNr, 305 gilves An examole of detar—
mining the damming volves for the most commoniy oocuring shock
initiating ir~queoncles, Here the vrobable demeirg figure is en-
tored over the nmatural frequency of the clastic mouns (lower Fig-
ure 2), while the initiating frequencies contained in the shock
curve 1ntroduced rg poramcters, This results in an average drmp-
ing number in the magnitude of 1 ¢ 850, Thersfore, in the.sx~mple
selected, a primery dAccelernation at the outer prescure hull wms
reduced by elagtic intermediste memhers betwsen the mechine and
the pressure hull to a pitch of 20 cyeles, or by awproximately
@ 1/850,-¢ ( & = mcceleration of gravity) there is an mcceler-
=tion of about 10 g at the machine mass 1tself, The force can
then be determined from the mechine mass and tho accaleration,

It will be scen from this law thmt the low frequancy impuls~

as are more dangerous than the high fraquency primary neceleratinnu,

Propeller hum,

In surface and underwatar ships there occurs m humming of the
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Apoendix (Cont'd),

vropeller at certain speeds, This phenomenon is so0 pronounced ae
to be avdible throughout the entire ship, It occurs not only in
German shivs, but algo in non~Germen shina, as may be casily ghown
by refercnces to the literature on the subject,

This nhenomenon is a disadvantage in passenger ships because
thes hum mekes 1t almoat 1mpossidle to stay in the after compartments
of the ship, In the cas: of submarine vessels this vhenomenon is
undesirable, especially at low sveeds, because it hecomes lmposs- |
ible to procede noiselessly, as in tracking, It is important to
note that the nhenomenon occurs chiefly at low specd ranges, :

A1l sorts of tests have becn made to try to lesrn what causes
this humming, As far as is now known, no effective memns of re-
moving this humming have been found, At any rate, no published
works are known thst contain suggestions for such reduction, How-
avor, Dr, Gutsche, in the megezine "Werft, Reedcrei und Hafen',
published an essay on the resulte of experiments with oropellers
which weré simed ~t getting some clear vropoasnls for duing away
with propeller hum, From hia point of view, the humming, which
means o vibrating of the proveller blades, may be trnced back to
a breaking up of ecddies =8 the ipnciter of the vibrstion phenonena,
According to these studiecs, spocial varimtions from the stream-
lined form of the proneller blade eross sections are responsible
for ineciting .the vibrationa, He computes the probable frequency
from measurements on the vrofils errors,

According to this, the sterting of the vibratlions depends
casentinlly on the flow conditions around the promeller profiles,
Hence, 1t would be supnosed thet with incrensing rpm or with 1o
creneing pervherrl velocity and hence, with increasing velocity
of flow, the exciting of vibretions would also increase, It has
been determined, on the contrary, that sn increase of the volume,
that 4s, of the amplitude of the vibrations, ce=n be observed at
low rpm ranges, The curve of resonsnce or sound volume does not
increase or fall monotonously over the whole range of rom, but
charncteristic perks show up, This condition wsuggests that the
question 18 one of the propellesr itself, On the other hand, 1t
nrs often been éupoosed in various vublicetions, thet 1% 15 & quest~
ion of resonance phenomena within the ship's hull neer the pron-
sller, This should be caused by eddy currents near the propeller,
The fact remains, that it may be observad that within the rpm
range whore humming ocevrs more lees strong vibraticn or oscill~
ation vhanomena may bYe recorded,
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1Dandix (C)nt'd)

ThHe nature of the humming that has been observeﬂ however,
mrkeg 14 geem unllikely that the'vplateg 5f the hull could be re-
snonsible for the resanance nhpnomenq, It cou be observed that
tho humning is quite wure, that ig, thet 1t 4s a metter of the
generation of an almoet ~ure tone with only ~ few overtones,
Henice, it may be deduced thnt whatever vibrating vnarts ere concern-
ed are not. made up of mapny structural members, It must, rather,
be » gqusstion of same homogzenous, clmoat comnletely se1f~contnined
body, -Hehte, the hull of the-ahip, with its many breaks and mdd-
ttionnl stiffening: suvporte,con hardly be considered ms »roducing
guch & vuve kind of hunm, ,

"In order to Zet some kind of cleer victuro »f All these matt ers,

© oxtongive tests and measurements wera made here, The mensuremernts

were made exclusively on submsrine creft, It hed been suapected
thet” the struts ond benrings near the nroneller exerted an in-
fluEnce on the hamnaing, There wod plen the nossibility thst the
humming ¢ould have been indic=ted by the fload:morte nesr the
arooeller, or th-t the senardsting strine detwa2n the flood norts
might have » tendency to vibrate, or hum, In order, to get At
thils question the rudder control linkrze, the net gusrds, and a
nart of the udder were dis-nnsembled, one rfter the sther, and

A mersuring run wes made each time withot these ~arts, In order,
to dstnrmine their influence, the flood norts nesr the mroneller
were cloged, The wrovellers themselvos were normel nropellers
such »s were in common.uise °n sll Germens bo=t3 un to that tims,
Tregr mongures proved to h-ve n2 influence on the zeneration of
a hum, In thé rpm ranges between n = 60, the lowast moasible
number of rmm, rnd the highest rom thet wns of intereet nw 300
min ~1 the humminw occured in the definite ranges in the same
form with the sama frequenoy and with the sams entensity, Theroe-
ubon it wes guspectcd that the nromeller cnwling which covered
the nut holdinz tha nroveller on the hub end of the shaft and tho
shaft sleeve where the shaft cmerges from the after shaft bear-
ing mizht have en Influence on thé mycneller hum, Asain, Sest
rune were mrde with the vrrisus varts din—ﬂsaemhled in stages,
These slgo wroduced nezative results,

This nrovad then, that the humming or ctn@ing weg canged
exclusively by the pro“eller. Henco, the following exvneriments
only dealt with shaninz the nroveller or exeahanging 1¢, In order
to have cuommarable nbjectiva regults, the attemmt wan mado to
nengure the %ime curve as well ms the inteneity »f the sdund that
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was belng radiated, At first, the group listening device of the
hoat itself was used as a measuring device, (G,H,G, - Leyout),

It was goon seen that because of the great distauce sevarating
them, the interferance caused by the flow vhenomena slong the

boat prevented any useful or accurate re-production of the meas~
urements, Certain detsils of the physical process st the origln
of the noise wers asnecislly difficult to understand, Hence, it
was nocessary to move the nick-up anvaratus as clese as poseible
to the oropeller ite=1f, 4 Seignette quartz recelver wag used

as recelver for the noigse freaquencies, similsar to the one that

is built~in stationary in the hull as part of the G,H,G, layout,
Tn order, to »limin~ted the disturbing Tlow nolses at the nick-
up itsslf, caused by the breaking up of eddies at the edges of

the qunrtz, 1t wms necessary to streamline the vlck~up ite=lf,

The nick-up was suspended by mesns of a tube of sufficlent length
and strength, The tube itself was a0 fastened to the hull with
collsrs and brnces, that various srems nerr the nromeller could
ba covercd during surfacs or underwater movement, The quartz it-
gself and the londs had to be mede waternroof, A cathode-ray oscll-
logranh with two recording noints was used as a viewlng or record-
ing anneratus, In order, to keep the frequencles as 7ure ns poms-—
ible an sloctric fllter wae cut in between the trensmitter (the
quartz) nnd the reglstering. dsvice, (Band oras filter). The
viewing anwparatus was in the benrt 1tself,

In order to follow the radiation of noise from the pressure
hull toward the inside of the boat £t the same tim~, hull resonmce
nick-y»s were us:d near the proveller, In this nick-un the move-
ment em~litudes of the skin of the oressure hull were converted
by induction into corresnonding electric nrocesaes, With the helo
5f & calibrated smyiifler whoan fraguency charactcriatic runs
linearly throughout ~lmost the entire sudibdle ronge, the electric
voltrgos were runlified @o thnt they could be ~ither read oif in
n enlibrated grlvanoneter or so thet the voltages could be regls-
tered Aas to their time curve in the above mentioned cathode-ray
oscillogravh, Revalving drums or continuous film feed were used
for the mctuml recording, In cssh cnge crre had to be exerclscd
that the time snlutinn of the vrncedure be large ensugh to meka
detriles £ the sound nrocsag recngnizeble,

These mensurments, both those with the Seignettor quarte and
those with the hull nnisa vick-u~s h-d the same qunlitive results,
Bocause, the mersuring wincess was so much simnler only the hull
noise nick-uns were used in the lrter exmerimeonts,
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As the sabjective obgervations had slready shown, the sound
process during the humming revealed a decided vihralional char—-
acter, . The main fregquency range in which the humming svosared
was between U00 — 800 cycles, Thls same frequency range appear-
ed in both surface and underwater ships, The only difference be-
tween thcese two types wos thet the rom range in which the humming
occurcd was greater in the case of underwater travel than in sure
face travel, The smmlitudss are nalso greater in underwater travel.

than in surface traveil, In svite of the sAme geners) construction,.

individual propeller revealed differences in their tendenc& to
hum, If both mort .and starbonrd promellers showed the eeme tend-
ency, 1t was immeaterinl whether one went with the vort of the
starboard oropeller, The humming could be stoomed by choosing
definite differsnces in the rpp of the vort and starboard wrop-
ellers, This wns the firet mesns vsed to avoid humming or:aing»
ing within A limited range, but it wes not always successful,

In order to find out vhat influence vropaller materinl had
upon the origin of humhing, provellers were made of -different
muteriale, The original common bronze wropallers wer: replaced
Ly onea mede of cast iron or cmet stral, Txoveriments wers also

made with » chrome nickel steel alloy of the Krupp worky at Besen, .

called "P 125", It wns found that the matariel had nothing to do
with the ordgln of the singing, Oanly cree iron showed =ng in- ’
fluence due tn its naturel drmoing effect, since in its c=ee the
ronge in which the humming occured waa smmller than.with the usual
moterialas, o - : .

Since 1t was susnect=d that the form Af the vroveiler blade
had snan essentisl, influenbe An the origln of the humming, beads
like reinforcaments weroc vut around the outer -dge of the vorop-
‘ller balde in n tengentinl direction %1 the direction of flow,
The sheme .f these bemdings was varied in all sorts of ways, but
this change of shave proved to have no measurasble influenteq on
the originating >f the horming, ..

A s7lation of the wroblem was first obtained by making ths
nwrofiles of the individual oropeller bledes diffarent smohg them—
selves, These difforences nnly need be very slight, Greadjer
differences in the mrofiles result in terrific forces within ths
provellers, which do climinnrté the humming, but vhich cmise addit-
fonal nolses fron the proveller shafts potnding in tholr hesrings,
Henca, the differences in the profiles must only amount to a fov
nillimeters, Such changes nre unrecognisadle, ,
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Another promosal for effectively eliminatinz. the humming is
to sharven the streamlined entering edges of the proveller blades
like chisels, The change in the profile mugt be such that there
mist be a oronounced edge at the vlace where the sharpened vart
joins the rzat of the proneller surface,
Use of both of these mroposals rdsulted in a sure elimination
of propeller humming or singing, These measures were also advant -
ageous since they could be carrird out later on propellers that
had alrcady been commlted or that were mounted, All German sub-
marines were ~quinped with such altered vropellers, based on the
vrincivles provosed by the Germaniawerft,
These meagures, then, influenced the fendency tc vibrate,
Thug it seemed loglcal to damp the propeller blndes themscives,
The following is one effeoctive way to demp propeller bladend
Slots wers sawed perpendiculer (rt right angles) to th~ perivhery
at the voints of greatest vibration amplitudes in the oropelil-
er blades, These moints ars chiofly on the out circumferepce of
the blades, The slnts were anything un to <bout 100 mm, long,
“he edges of those dalote wre then bent together in such a wey
thnt they touch all along their entire length nnd form » rubblng
closure, If one equips at least one propcller blade with this
kind of glota, 1%e inner damping is increased s> that humming no :
longer occurs, or, 8o thet amplitude hrs become so slight that N
it cen no longer rrdiate nolse enerscies to ite surroundinge, In
order to avoid .rubbing, which nctunlly amounts to additional
gtrain rnd an increase in inner strosses, it wns wrovosed to use ;
instead of the frictinn slot a cut spout 20 mm wide and about '
100 mm deep At right angles to the verivhery »f the provsller !
pnd to insert some kirnd of friction body in this cut,
The frictinn body mu-t be so constructed that it can't be
forced nut of the slnt by centrifugesl force »r by the various
forces nf flow mround the propeller, To thnt end 1t ie made 1n |
the form nf a double cone, The inclinatinn of the oblique sur-
frcas 18 only about 10 ~ 15?2, but must be larze endough so that
thefre 18 no blocking botwoen the materisl »f the vropeller and
the friction body itsclf, The body 1s also to be inscrted with
several hundredths of a millimeter nlay, A test submarine was
aquinped with propellers of asuch desizn, and no sincing or humming
could be detected, Neverthaless, becausa of the -renter danger :
from pressurés as ~ result of the d ot cut in the blerdes rny fur- i
ther annlicrtion of this method of dawoing was given up, -
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Influence »f bearings »n nromaller hun,

In m=kinz measurarenrts with the hull noise »nick-un it wng
noted thet wronounced freouencies were mresent near the after
shaft bepirinz, The froquencies extended essentislly over the low-
»r and middle range »f audibility, Beside the frequency between
v = 4007800 cycles there nccured mronsunced amolitudece between
.~ = 1Q0-300 cycles, The frequencies in the firat mehtioned ranges
wers more nronourced whth nronellers that hummed than they were
with »ronellars that 414 nnt hum, Any nmeasurarient 2f the nhases
w~g imdossible because »f the rttend=ant difficultiey And the in-
acc>s4iblity of the waves tn bte mansured, Heonce, thc direct con-
n~ction netween #romeller humming and zenerstinon nf nolse in the
baerincs could not be cisarly shown, It wns aleo sbserved that
the pulsetion emplitudes continued down-int» th: sub-ssnlc rense
(mechrnicnal mulsstinong »nd cacilleationg),

Fron the obaerveti-ns mnda, it wrs Drssible to determire that
ayme relatisnehiv cvigted batween tha zeneration of noise in the
bearings =nd the oromellar hum, Since i1t wes technieerlly 1mposs-
ible to measure this and thus prove 1t, and since thore was a
growinz scarclty of the (Fockholz) Li:num Titas olmost exclusive-
1y ua~d as 2 banrinz material in this kind of berrin-, 1t wns hop-
ed this might be chenged to snme domestic kind 2f matarial, Hence ,
the mrovoarl wes made tn reclree it with elther herd or woft rub-
ber rode, The rubber wra tn be a buna mroduct, In those instrrces
wher: vlratics nnc oth r synthrtice had already boen triad ms besr-
ing moterisls there haf been.considorrble trouble, This wes be—
¢~upe 1t hrd boén imeossible to find 8 synthotic thet would not
swoll, The nrteriml Novntext, which awqlled very little, kad to
be reslaced with Novozell, The first of thesc was a synthetic
made of wlastic with a taxtile filler; the accond wes & nolded
nlastic with ccllulose fiber filler, The firat material caused
A 1ot of trouble by swelling, but the second une ewelle' 8o much
th=t ip many c=sea thir: were breakdowns in the drive aysten
cauaed by frocsing >f the shaft bearings, It is intercating to
n.te in thls ¢3nncectinn that the bearings »f uynthetic matarials
hud Absut the same naise zenorstiag auelitics as those with the
ugual woad rods, It might ~ls> be mentioned throt in emch orae the
beepdnees wore only lubricated with aen water,

Because of the comrlotely different surfrces qu-lities f buna
rubber mg commared with the nockwnod or synthaticae and becrmuse of
the ermmlet-ly diffarent surface elasticity ralati nghins, it ve
exnpcted that th- bearinz nolae might be chaanzed by the swiich
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to buna rubber, Hence, at our provossl about 20 submarines were
equivwed with stern bearing whose bearing rods were of buna,

In the firgt boat a set of ncrmel propellers were used, The
entering edges of the vpropeller blades were not sharpened into
chisel gshame nor were the prowellar profiles differentiated, Nor~
mal prop-ller bronze was also used as the pronellsr material ,

The moagurements made during the test run of thias craft show-
ed thet the driving soeed ranges between n = 60 - 300/min~2 the
propaller hum h=d been entirely eliminated, A repitition of the
test with runs m=de 2t greorter depths gave the same results, But
ingte~d of humming, within the normal rbnges, another disadvantage
ghowsd un, When the engines were turned off, that is whila the
sh~fts wers slowing down rrom their slowest drive speed of avout
60 rom t0 zero thare wes .m bried but powerful dissonance in ths
freguency rrnge between vy w 300-800 cycles, This conditions wne
repeated on All the other bomts, 1% 1s interesting to note that
thig digsonance occured when the engines were turncd off in sopite
of changing the wrovellers in the manners describved sbove, TFor
this reason ths rubber rods were later revlace?® by thoge of Lig-
num Vitae in the stern bearings,

This exneriment showed thot propeller hum ¢rn be not only a
feature of flow ~round the vropellier iteelf, but thet there must
algo be a dircct connection bstween nolse vhenomena nt the prop-
#1ler and the noise phenomena -t the bearings, In order, to fol-
low this out, the Kruon Germaniswerft designed and bullt a spec~
12l testing device with which these relationshive might be more
¢clossly studi-d, The test leyout was comoleted aid waa only used
slightly up to the wresent writing (llay 1945), .The brief experi~

ments conducted only served to strengthen the aboez views, Cir- - !

cumstence prevent:d further experiments, It would, however, be

' of gpecinl interest to use this test layout for studying the lub-
ricsation vhenomens in such bearings, The rosultas of such study
would be of use not only for submnrines but almo for surface shiva,
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